Introduction
Tumor proliferative activity has prognostic value in many solid tumors (1) (2) (3) (4) . Immunohistochemical analysis of tumor proliferation has been accomplished with the Ki-67 monoclonal antibody (MAb) which recognizes a nuclear antigen expressed throughout the cell cycle (late GI, S, G2, and M phases) ( 5 ) . The argyrophilic nucleolar organizer region technique (AgNOR) has also been used to assess tumor proliferation (6) . Both techniques can be applied to paraffin-embedded tissue samples (7, 8) .
Image cytometry has proven a useful technique for quantitation of Ki-67 immunostaining, particularly in paraffin-embedded tissue (9). AgNOR quantitation by image cytomeuy has also proven useful (8, lO-13) . Most studies have employed image analysis to express AgNORs in numbers and size. Recently, we proposed a method of AgNOR quantitation that is independent of AgNOR number and invariant to sampling technique (14) . This method is based on image quanutation ofthe NOR percentage nudear area (NPNA).
Although many investigators have demonstrated a relationship between the number or mean area of AgNORs and Ki-67 expression in solid tumors (15) (16) (17) (18) (19) , no previous studies have simultaneously assessed AgNOR staining and Ki-67 expression in paraffin-embedded tissue. Therefore, there is no direct evidence of a correlation between Ki-67 and AgNOR expression in archival material. We describe here a method for simultaneous demonstration and quantitation of Ki-67 and AgNOR in paraffin-embedded tissue. Since there continues to be some uncertainty over whether or not Ag-NORs reflect ploidy or cell proliferation, we choose tonsil tissue for these studies. Tonsil provides a source of both proliferative and non-proliferative cells in an undeniably diploid tissue. The colocalization of AgNOR and Ki-67 (MIB1) in this tissue provides a method to directly analyze the relationship between these markers.
Materials and Methods
T h e and Fixation. Fresh human tonsil tissue was obtained from routine surgical specimens (n = 8). Tissue was fixed in 10% neutral buffered formalin for 4 hr. Fixed tissues were dehydrated in ethanol, cleared in xylene, and embedded in p d i n blocks, which were cooled before sectioning. Three-pm-thick serial sections were cut and mounted on 3-aminopropyltriethoxrjilane (APES)-(Sigma; St Louis, MO) or poly-Llysine (Sigma)coated slides as outlined below. Sections were air-dried for at least 15 min and heat-fixed to the slide for an additional 20 min at 60'C.
APES Coating Procedure. Slides were coated with APES as described by Rentrop et al. (20) . Slides were pre-cleaned with absolute alcohol and incubated in a mixture of 1 ml APES and 50 ml acetone for 20 sec. followed by two washes each in acetone and water. Slides were air-dried at mom temperature (RT). and applied to pre-cleaned slides for 5 min. After washing with water, slides were dried in a 60% oven for 1 hr.
Ki-67/AgNOR Staining. Slides were d @ i e d in two changes of xylene for 10 min each and hydrated in graded alcohol. Sections were placed in one of two Coplin jars fded with 10 mM sodium citrate bu&r, pH 6 (Sigma). Coplin jars were situated in the center of a plastic pan containing approximately 500 ml water. Slides were microwad at 7-min intervals for a total of 21 min with plnvonic model "-6371-at maximal power level (9). At each 7-min i n t e d the fluid level in the Coplin jars was topped off with water. After cooling, slides were incubated overnight at 4' C with a L40 dilution of primvy antibody (MIB1) (AMAC; Westbrook, ME) or isotypc-matched control antibody. A biotin-swptavidin detection system was employcd with new fuchsin as the chromogen (BioGena; San Ramon, CA). After washing with Tris bu&r, pH 8. slides were incubated with the biotinyhted anti-immunoglobulins for 20 min at RT. The alkaline phosphatasc-conjugated swptavidin was applied to the slides for 20 min at RT. Slides were incubated with freshly made new fuchsin for 20 min in the dark at RT. Sections were rinsed twice with water and silver staining was applied according to the method of Ploton et al. (21) . Slides were incubated with 1 part 2% gelatin in 1% aqueous formic acid (Fisher Chemid, Pimburgh, PA) with 2 parts 50% aqueous silver nitrate (Sigma) at RT in the duk for exactly 30 min. The slides were then rinsed with distilled, deionized water, taken through alcohols to xylene, and mounted with a covenlip. No countermining was performed. In each cue. slides labeled for AgNOR or Ki-67 alone were prepared as controls. For AgNOR single staining, microwaving was not applied. glass slides. In contrast, APES-coated slides were associated with little background staining. Therefore, only APES-coated glass slides were used for quantitative studies.
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Dual Staining lhbnique
To determine the effect of dual staining on the Ki-67 immunoreaction, the Ki-67 LI was determined on serial sections prepared by single (Ki-67 alone) and dual labeling (Ki-67IAgNOR). No significant difference was observed between the Ki-67 LI of single-(12.13 3.33)anddual-labeled (12.63 * 2.73)specimens.
Linear regression analysis demonstrated a significant correlation between slides prepared by the two procedures (r 0.892,p <0.003).
To determine the effect of dual staining on the AgNOR reaction, image quantitation of AgNOR staining was performed on serial sections prepared by single (AgNOR alone) and dual labeling (AgNOR/Ki-67). As Table 1 shows, the dual-labeling procedure did not significantly affect NN or NPNA. In contrast, NA and AA were significantly higher in dual-stained sections relative to single-stained sections. To determine if this effect could be attributed to microwave oven heating, we performed AgNOR staining in tonsil tissue subjected to microwaving alone (no MIBl immunostaining). NA and AA were significantly higher in tonsil tissue exposed to microwave oven heating for 21 min relative to control tissue ( Table 2 ). In contrast, microwaving alone did not significantly affect NN or NPNA. 5.64 f 0.75 6.07 f 0.91d
One hundred nuclei were randomly selected and analyzed from the interfollicular region of tonsil tissue stained for AgNOR with or without microwave oven heating (n = 5 ) . NA, mean nuclear area; NN, mean AgNOR number; AA, mean AgNOR arcalnucleus; NPNA, NOR percentage nuclear area. bMean i SD.
'Z.:&Scant,
Correlation Between Ki-G7 LI and AgNOR Parameters
Using dual-stained specimens, we compared NA, NN, AA, and NPNA between Ki-67-negative and positive cells. Analysis was restricted to the interfollicular areas, which contain both Ki-67-posiuve and -negative nuclei. A significant difference was found between Ki-67-positive and Ki-67-negative cells for NA (p<O.OOl), NN (p<O.OOl), AA WO.OOl), and NPNA (p<O.OOl) ( Figure 2 ). Linear regression analysis demonstrated a good correlation between Ki-67 LI and NPNA (r = 0.793, p<0.02) and Ki-67 LI and AA (r = 0.803, p<0.02).
Discussion
Various methods have been employed to assess the proliferative activity of routinely processed tissue specimens, including mitotic count, AgNOR count (8,10,12,13), and immunostaining for proliferating cell nuclear antigen (PCNA) (22, 23) . Recently, a Ki-67 equivalent murine MAb (MIB1) was generated which can also be applied to paraffin-embedded tissue (7) . Although many investigators have demonstrated a relationship between the number or mean area of AgNORs and Ki-67 expression in solid tumors, no previous studies have simultaneously assessed the relationship between AgNOR and Ki-67 expression in paraffin-embedded tissue. To make use of the AgNOR technique as a marker of proliferation in routine clinical work, we considered that this relationship must be established. Because there continues to be some uncertainty over whether or not AgNORs reflect ploidy or cell proliferation, we choose to use tonsil tissue for these studies. Tonsil provides a convenient source of proliferative and non-proliferative cells in an undeniably diploid tissue. From a methodological point of view, a central question in this study was the effect ofthe dual-labeling procedure on the individual parameters. In particular, we were concerned about the effect of microwaving on the AgNOR reaction. Microwave oven heating is an absolute requirement for demonstration of Ki-67 (MIB1) in paraffin-embedded tissue (7) . Although the Ki-67 labeling procedure did not affect NN or NPNA, a significant increase in NA and AA was observed. The same result could be induced by microwaving alone. These data suggest that microwave oven heating alters nuclear and AgNOR areas. The fact that the NPNA was not affected by microwave heating suggests that the degree of change induced by microwaving is equivalent for both the nucleus and Ag-NOR. In contrast to the effect of microwaving on the AgNOR reaction, the AgNOR reaction had no demonstrable effect on Ki-67 immunostaining. Linear regression analysis demonstrated a good correlation between Ki-67 labeling on slides prepared by the singleor dual-staining procedure.
Recently, Janmohamed et al. (24) showed a significant difference between AgNOR scores in Ki-67-negative and Ki-67-positive cells. These authors applied a dual-staining technique to cryostat sections of non-Hodgkin's lymphomas. However, no previous study has simultaneously assessed AgNOR staining and Ki-67 expression in paraffin-embedded tissue. In the present study, quantitative analysis of dual-stained paraffin sections revealed a significant difference between NN, NA, AA, and NPNA between Ki-67-negative We have previously demonstrated that NPNA is a valuable method for evaluating AgNOR staining because it is independent of AgNOR count and invariant to sampling technique; NPNA dues from touch imprints and tissue sections can be compared directly MIBl immunostaining demonstrated for tonsil tissue applies to neoplastic tissue as well.
